Introduction {#sec1-1}
============

Sepsis is a clinical syndrome that results from complex interaction between host and infectious agents and is characterized by systemic activation of multiple inflammatory pathways.\[[@ref1]\] The pathophysiology of sepsis could be initiated by the outer membrane components of Gram-negative and Gram-positive organisms. Signaling by these mediators occurs via a family of transmembrane receptors known as toll like receptors.\[[@ref2]\] Within the monocyte, nuclear factor kappa B (NFKP) and mitogen activated protein kinase (MAPK) are activated which lead to production of proinflammatory cytokines.\[[@ref3]\]

It is thought that edaravone has antioxidant action, inhibits lipid peroxidation and causes quenching of active oxygen leading to protection of various cells against damage by reactive oxygen species.\[[@ref4]\] Some studies have shown beneficial effect of edaravone on postischemic reperfusion injury in cardiac, cerebral and hepatic tissues.\[[@ref5]\] However the putative mechanisms underlying the beneficial effect of edaravone are still not clear. So, in this work we attempt to evaluate its role in cases of septic peritonitis (SP).

Material and Methods {#sec1-2}
====================

This is a prospective observer-blinded study carried out in surgical Intensive Care Unit (ICU) during the period from March 2014 to April 2015 in 60 patients with SP after approval by Hospital Ethical Committee. The CONSORT 2010 statement was followed in reporting this study.

Inclusion criteria included American Society of Anesthesiologists physical status I or II having SP after gastrointestinal perforation (perforated peptic ulcer, traumatic intestinal perforation or postcorrection of intestinal anastomosis leakage).

Exclusion criteria included patients in septic shock, on vasopressor or with one or more organ dysfunction.

Criteria of sepsis according to American College of Chest Physician/Society of Critical Care Medicine definitions which include strongly suspected infection or positive blood culture plus two or more of the following: Temperature \>38°C or \<36, heart rate (HR) \>90 b/min, respiratory rate \>20 C/min, PCO~2~\<32 mmHg and white blood cells \>12000 mm^3^ or \<4000 mm^3^.\[[@ref6]\]

All patients were treated with antibiotics according to culture and sensitivity test and received intravenous (IV) fluids to keep central venous pressure (CVP) ≥12 Cm H~2~O and mean arterial pressure ≥65 mmHg.

Randomization was performed using a random number list generated by means of the QuickCalcs (GraphPad Software Inc., La Jolla, CA, USA). The group assignment numbers were sealed in an envelope and kept by the study supervisor. After admission to ICU a written informed consent was obtained from each patient. Patients were randomly divided into two groups of thirty patients each-Group (C): Control group managed according to the routine protocol of sepsis and Group (E): Edaravone treated SP managed according to the routine protocol of sepsis + edaravone at dose of 30 mg/12 h IV infusion for 2 weeks.\[[@ref7]\]

Edaravone was supplied from Sigma Company (license from Mitsubishi pharmaceutical, Inc.). Each ampoule of 20 ml contained 30 mg of the drug diluted in saline.

All patients were monitored for invasive blood pressure, HR, CVP, temperature, urine output, total fluid balance and routine investigations (complete blood cell count, arterial blood gases, serum electrolytes, liver, and kidney function tests).

Blood sample were taken weekly for 2 weeks to measure the following parameters:

Nuclear transcription factor kappa B activity (NFKB) was measured in activated monocyte macrophage by ELISA based kits assay against P50 and P65 (Trans AM. NFKB P56 from active motif Rixensart Belgium).\[[@ref8]\]MAPK was measured in activated monocyte/macrophage by nonradioactive assay kits (western blot analysis kits) from cell signaling technology Inc., U.S.A).\[[@ref9]\]Heat shock protein 72 (HSP 72), an indicator for intracellular response to stress, was measured by immunoblotting.\[[@ref10]\]Total antioxidant capacity (TAC) was measured by ferric reducing ability of plasma method, comparing absorbance changes at 593 nm which will be linear over a wide concentration range of antioxidant mixtures.\[[@ref11]\]

Statistical analysis {#sec2-1}
--------------------

Sample size of thirty patients was calculated for 90% power, α = 0.05, β = 0.1, and anticipated effect size = 0.40 using sample size software (G\*Power Version 3.00.10, Germany). Analytic statistics was performed on IBM compatible computer using SPSS 11.5 software (SPSS Inc., Chicago, IL) package under Windows XP operating system. All results are presented in the form of mean ± standard deviation. Data was compared using unpaired Student\'s *t*-test; *P* \< 0.05 was considered statistically significant.

Results {#sec1-3}
=======

30 patients in each group completed the study \[[Figure 1](#F1){ref-type="fig"}\]. There was significant decrease (*P* \< 0.05) in serum level of NFKB, MAPK in Group E in comparison with Group C. While serum level of HSP 72 and TAC showed significant increase (*P* \< 0.05) in Group E in comparison with Group C. Mortality rate was lower in Group E than in Group C. The number of patients developed septic shock was lower in Group E than in Group C \[Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}\].

![The randomized trial flow diagram, including enrollment, intervention allocation, and analysis](JOACP-32-465-g001){#F1}

###### 

Patients' demographic data and outcome
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Effect of edaravone on blood level of nuclear factor kappa B, P38 mitogen activated protein kinase, heat shock protein 72 and total antioxidant capacity
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Discussion {#sec1-4}
==========

This work demonstrated that the edaravone treated SP group recorded significant improvement in the inflammatory and oxidative processes in comparison with control group manifested by a significant decrease in serum level of P38 MAPK and NFKB.

Septic shock can initiate an inflammatory response which is characterized by up regulation of cytokine expression and neutrophil accumulation in a variety of tissues.\[[@ref12]\]

The cytokine expression is mediated by two separate signal pathways: P38 MAPK and NFKB in activated monocyte/macrophages which are activated by several incoming signals from cell surface including the reactive oxidative intermediates and lipopolysaccharides of most clinically relevant Gram-negative organisms found in septic infection.\[[@ref1]\]

The expression of several inflammatory cytokines as tumor necrosis factor alpha (TNF-α) and interleukin 6 bind to their receptors in various cell types resulting in functional impairment.\[[@ref13]\]

Edaravone is a free radical scavenger quenching of reactive oxygen and hence attenuating the oxidative process and inhibiting subsequent injurious inflammation by reducing expression of inflammatory cytokines and adhesion molecules.\[[@ref5]\]

Yoshida *et al*., 2008\[[@ref14]\] stated that edaravone has an anti-inflammatory effect by inhibiting induction of Inducible nitric oxide synthase (iNOS) as well as pro-inflammatory cytokines TNF-α and this is mediated by the inhibiting activity of transcription factor NFK-B which is an essential signal for iNOS production. Also, edaravone could decrease the stability of iNOS mRNA and hence decreasing expression of iNOS. The inhibition of NO production will subsequently inhibit production of perioxynitrite and hence attenuat lipid peroxidation.\[[@ref15]\]

Higashi *et al*.,\[[@ref5]\] stated that edaravone could inhibit lipoxygenase metabolism of arachidonic acid by trapping hydroxyl radicals. Also it could inhibit alloxan induced lipid peroxidation and hence prevent cellular damage.

Moreover, Suzuki *et al*.\[[@ref16]\] demonstrated that the antioxidant action of edaravone could be attributed partly to the enhancement of prostacyclin production leading to protection of various cells.

In addition, this work demonstrated a significant increase in serum level of cytoprotective HSP 72 in edaravone treated SP group in comparison with control one. Although the mechanism of HSP production is still unclear, it may be attributed to activation of adenosine monophosphate-activated protein kinase and MAPKs.\[[@ref17]\] Activation of these intracellular signaling pathways cause quiescent cells to enter the cell cycle and initiate regenerative response inducing HSP as sort of stress adaptation.\[[@ref18]\] Heat shock 72 are intracellular proteins (named according to their molecular weight) which present in small amount in normal cells and a larger amount in cells subjected to a variety of stressful stimuli as a sort of cellular defense mechanism protecting cells from excessive stress damage. Also, they play a role in protein-protein interaction stabilizing the protein conformation and preventing the unwanted protein aggregation.\[[@ref19]\]

This study elucidated that edaravone induced a significant increase in TAC of plasma in comparison with a control group which could be attributed partly to the significant increase in serum level of HSP 72 induced by edaravone. Zhi *et al*.,\[[@ref10]\] stated that HSP 72 could increase the antioxidant capacity of cells.

Tamamura *et al*.,\[[@ref20]\] elucidated that edaravone could reduce the oxidative stress by enhancing the production of HSP, which could limit cellular injury by refolding the disrupted protein stabilizing cell membrane and hence attenuating neutrophil infiltration.

Conclusion {#sec1-5}
==========

In cases of SP treatment with edaravone could significantly improve the inflammatory and oxidative states with better patient outcomes. However, further investigation is needed to clarify other possible underlying mechanisms.
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